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© Pulse width modulation inverter current detection method. 



© A current detection method for current detection 
of an output of a PWM inverter utilitizes current 
sampling at the timings of two zero vectors of the 
PWM inverter and selecting the sample value least 
influenced by noise as the detected current sample 
value and. when a time difference between the two 
vectors is large, an average value of the two sample 
values is selected. 
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voltage switching timing for each phase causes 
superimposed current ripple noise to accumulate- 
Though, when the arrow indicated current sampling 
points differ from the basic PWM cycle period Tc, 
this ripple noise is does not appear in the detection 5 
period, at high carrier frequencies, the sampling 
points and the noise generation points become 
undesirably close together. Thus, delay of IGBT 
switching (which is inherently from several usee to 
several tens of usee) is incurred since the am- w 
plitudes of sampling points approach the inherent 
switching speed of the IGBT. This tendency, be- 
comes marked when the PWM voltage demand 
becomes high, that is when the voltage control 
factor approaches 1. Therefore, it has been re- is 
quired to provide a noise filter during current de- 
tection without delay of response time of operation. 

SUMMARY OF THE INVENTION 

20 

It is therefore a principal object of the present 
invention to overcome the drawbacks of the prior 
art. 

It is a further object of the present invention to 
provide a PWM current detection method in which 25 
a noise filter may be provided during current detec- 
tion without delay of response time of operation. 

In order to accomplish the aforementioned and 
other objects, a current detection method wherein 
same period current sampling for a PWM inverter 30 
output is utilized comprising: sampling a current 
the PWM inverter output according to two zero 
vectors timings thereof; determining a time dif- 
ference between two sample values obtained in the 
sampling step and a voltage switching timing of the as 
PWM inverter output; and. selecting one of the 
sample values showing the. least influence of noise 
as the current detection value. 

BRIEF DESCRIPTION OF THE DRAWI NGS 40 

In the drawings: 
Fig. 1 is a block diagram illustrating operation of 
a current detection method according to a pre- 
ferred embodiment of the invention; 45 
Fig. 2 is a timing chart of operation according to 
the preferred embodiment; 

Fig. 3 is an explanatory diagram showing a 
correction timing according to the preferred em- 
bodiment; so 
Fig. 4 shows a block diagram of a PWM inverter 
utilized for current detection; and 
Fig. 5 is a waveform diagram of same period 
current sampling showing voltage pattern and 
current. 55 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

Referring now to the drawings, particularly to 
Fig. 1, it may be seen that the current detection 
method according to the invention utilizes a CPU 
1 1 (i.e. a computer) for digitally carrying out the 
functions of the vector control portion 1 and the 
current ^control portion 2 shown in Fig. 4. The CPU 
11 is connected to a PWM pattern generator 3 
having PWM pattern data stored therein while a 
speed control connection is not shown in the draw- 
ings. 

A timing of a sample and hold signal generat- 
ing circuit 12 is set by the CPU 11. This timing as 
well as a PWM timing of the PWM pattern gener- 
ator 3 determined by a sample and hold signal 
from the sample and hold signal generating circuit 
to a sample and hold circuit 9 and an interrupt 
signal to the CPU 1 1 . 

The sample and hold timing of the sample and 
hold signal generating circuit depends on two zero 
vectors V0. V7 for each phase of a PWM voltage 
pulse. The timings of both zero vectors V0, V7 are 
included in the timing set signal output by the CPU 
11. When a sampling period is complete, the inter- 
rupt signal timing is obtained by the CPU 11, and 
A/D variations and sample data for the zero vectors 
V0 and V7 are input to the CPU 1 1 at every cycle. 

Referring now to Fig. 2. a sample and hold 
time chart according to the preferred embodiment 
shows an output U-phase voltage and U-phase 
current according to the internal calculation of the 
CPU 1 1 and the input interrupt signal, similar pro- 
cessing is also carried out for V-phase and W- 
phase components. 

The half the cycle period of PWM waveform is 
the smallest time unit of current control. The cycle 
period of the PWM waveform is equal to half the 
current control operation cycle period (ACR cycle 
period). This smallest unit is repeated N times (eg. 
N = 4 in the drawings). Current sampling is carried 
out on the basis of the vector timings for the zero 
vectors V0 and V7. 

(1) At the time of a first current sampling (first 
hold action by the sample and hold circuit 9). at 
a time ta. a interrupt signal is input to the CPU 
11. At this time a current sampling is set ac- 
cording to a first interrupt variable IA from the 
A/D converter 10. Then the next interrupt timing 
and current sampling timing is set at a time tb 
(equal to half of the PWM cycle period Tc) at 
the sample and hold signal generating circuit 12. 

(2) The timing tb is set in the first sampling for 
execution of the second current sampling, the 
second current sampling is affected by a sec- 
ond interrupt variable IB. 



3 



g<inorin- «-fp 



r 



5 . EP 0 648 008 A1 6 . 

..*•*■ .... . . 

(3) After completion of the second sampling, the :a true current, may be.reliably -detected. . 

GPU \'i sets a pulse width at times TA and TB, s *y. Further whenVa voltage output of a: PWM in- 
via a PWM pattern from the PWM pattern gen- .. > ; verier is low, such that a 'voltage controlidemand 
erator 3 and a. time difference, between xurrent . . ' becomes close to 'O', a' sufficient time difference 
sampling points ta, tb, and a switch' timing of S J . 5 between the switching and sampling is present- 
switch elements.*. From I 1he itimes JA. jTB. the v w 7. . ' Also, 'variation;, in \current rdemand^iri operation may 
variables IA, IB adopted for each current sample . - * be held low since current sampling data from the 
value are determined. -A -;.v>V' ' <- two zero yector.sampllng points prevents influence 

If the time TB is determined^ andra long • \ .of/tippler noise A.An average ;df ;both sample^yalues ' 
period of no -ripple hpjse interference is deter-'- ioV/ allow 'increased accuracy^c^rrent -detection-: ' 
mined the variable IB is adopted for the' current : •;. Apc6rding-':tp - this '' circuit ^noise ^ab/weJP.&s . A/D.' . * 

'• 's sampling value wbilOi if a :short value qi rippile \- fluctuation' error as well as. sam 

1 : 'noise interference, is determined the variable IA. ~ cJetectibn -error may be reduced white-fast response 

time may be" pre served; :i ;'„■■; v> V.^r". • ?;^\>/M&# . .: 

the present invention has been disclosed, s - 
pling is pref eraib I y adopted. '\ "/.-, ; . - "1 UV; ■ / f V in, terms of the preferred embodiment in order: ta ^ f 
f : V ' v - However, if the first interrupt variable (IA) of : ^ facilitate better understanding thereof, it should 'fee 
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V; v - is adopted" as .the^current/samplihg'-yalue. ~Bar*: >'•;:• ?-' } time may b 

>> .V'!-;J V ^ . sically the sampling value of the second sam:«'^ • • While tl 

L ; ; . olina is preferaibly adopted. ' : .-A in, terms of 
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the first, sampling *is' adopted, sin the sampling V * : r appreciated that the invention can ;be ernbodied 7 tr\ C. ' 

impling timing - ' ^ 



';;•;•'■ timing of IA is earlier that IB a sampling. 

• of TA + TB is present: Based on this, time-.;-' ^/'aoiS^^^tK^rinvenlion; 'therefore'." - -the.' invention should be 




"v:V.'>"iV-:.>* v '---.-tecti6n in the present cycle x 
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at a current detection time ta* 
sampling level In: 



■^;- M .qv»v?i ^■■v->i 1 -.- At this. * a correction for the ' previously ,% seK. ; 'Ti-\ put -< according^ to: -two, zerbV: vector is timings •: >5£S*- : 

/ :^:V^^;> cted data 1 ,'< n C ,n and the pVeseht* data *IA : / : ; ; '. • ' ^ ^ 

^y^^l'jhe.time ta')^maiy ;be" expressed -a£: lv € ^V.v : ^; ]■ determining a ^ime "differ^ 

r f ^;r^v:>>^''i'^-;: • v 1 * /^ilv^.'^-^/'i-'.^,. «amp(&.. values obtained in; said .^sainr^^ii^^t^i^^^ 
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: viv i operation, and; PWM voltage demand »c 
. S -mv-: ' (5) From' the PWM 1 voltage dernand-c 
; vV : " :: :-* v\ ; v':^;,alent PWM pattern may be calculated 

next cycle to be written' into a 
; of the PWM pattern generator 
' r - rent sampling arid 'interrupt time 

* , . cycle may also be determined'. 
,; Thus, according to the process steps (V) ' :, '{5V>^'%->- 
as set forth, which are .repeated, for .current control; .; v,v 
according to the* invention, since sampling, may. be . 
selectably controlled according to two vector ..tim- '^ 55 - ' V . 




•v •« ings (V0 f V7). the influence of current ; samplingv. ^ - v ^ ^ . .^v rr ^^ 



error is minimized and a ripple component of a . 1 . . ; 

current detection signal may be removed such that. / 
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